The article discusses the role of strawberry in providing people with vitamin products. It emphasizes the direct dependence of productivity of strawberry plants on the quality of the original planting material. A crucial role of clonal micro-propagation was justified. Features of the in vitro propagation stages were identified and new technical solutions for improving production efficiency were offered. The efficiency of auxin-containing paste for adaptation to the peat-based soil substrate was proved. The use of a 2 % Diazinon solution killed sciaride larvae damaging the roots. Development of an alternative method for adapting microplants to hydroponics made it possible to abandon the use of any substrate and ensure the viability of plants at the level of 95--100 %.
Introduction
The importance of high-quality and safe food is becoming more and more apparent.
Fruit and berries play a special role as they are s an irreplaceable source of natural vitamins and many other substances that are beneficial to human health. Thanks to international cooperation, the range of such products in retail chains is growing and the dependence on seasonality of cultivation is decreasing. The situation is characteristic of Russia, although the high price of fresh fruit limit consumption within the required physiological norms.
Among this variety, strawberry is one of the most demanded berries. It is well known for its taste and technological properties. Industrial cultivation techniques have been known for a long time, although technical progress is introducing new elements into this sphere. However, currently, there are few examples of farms with strawberry plantations with an average yield of 10--15 t/ha despite the fact that strawberry can yield more than 20 tons per hectare. It is quite obvious that high-yield strawberry plantations cannot be How to cite this article: A A Batukaev and S A Kornatskiy, (2019),``Garden Strawberry Plants: From Test-Tubes to Plantations'' in International scientific and practical conference``AgroSMART -Smart solutions for agriculture'', KnE Life Sciences, pages 860--867. DOI 10.18502/kls.v4i14.5683 Page 860 created without the use of high-quality and healthy mother plants. The most justified solution is the use of the original test-tube plants obtained by the in-vitro method. The method of clonal micropropagation developed in the middle of the 20th century was successfully adopted for practical use in relation to a large number of vegetatively propagated plants, including strawberry [1--4] . Garden strawberry was a model plant used for implementing methodological issues. During clonal micropropagation, the main specific stages were identified which was useful in studying other plant species.
However, despite the extensive experience, works on strawberry production are still relevant [5--6] . First, the short life span of the mother plantations requires large-scale production of test-tube plants for their renewal. Second, there are new varieties of an intensive type that require specific approaches. Third, there is an in vitro stage that is the most time consuming and costly. This is the stage of adaptation of test-tube plants to non-sterile conditions, when large losses of material are possible due to the negative impact of a number of factors (light, temperature, air and soil humidity, infectious).
Materials and Methods
The purpose of the research is to study peculiarities of the technological adaptation of the in vitro method for large-scale micropropagation of strawberry focused on systemic renewal of mother plants. The studies were carried out in the biotechnological laboratory of the Peoples' Friendship University of Russia in 2013--2018. The research objects were modern and highly productive varieties of strawberry of foreign selection: Kimberley, Asia, Florence, Darselect. During the micropropagation, basic elements of the in vitro technology were used. They were partially modernized taking into account varietal specificity. The initial material used was the tops of the stolons obtained at the end of the season. The material was being washed using tap water for one hour; the surface was being sterilized with silver nitrate (AgNO 3 ) at a concentration of 1 % for eight minutes. The nutrient medium for the stages of introduction into culture, proliferation of explants, elongation of shoots and rooting of micro rosettes was prepared according to the Murasige-Skoog recipe [9] . In the first three cases, benzylaminopurine (6-BAP) at concentrations of 0.1 mg L-1, 1.0 mg L-1 and 0.05 mg L-1, was used as a growth regulator.
For transplantation into the nutrient medium, explants were divided into parts consisting of 3--4 micro-shoots. At the stage of rhizogenesis, instead of cytokinin, indole acetic acid (β-IAA) at a concentration of 1.0 mg L-1 or a completely hormone-free medium were used. One micro-outlet was planted into each tube; for each variant, 40 tubes were used. The share of rooted micro rosettes, the number and length of roots were recorded DOI Table 1 . Elongation is a critical stage in the micropropagation of strawberry. While Asia and As our earlier studies showed, active root formation occurs at the elongation stage.
Results and Discussion
This indicates that endogenous auxin synthesis is characteristic of in vitro plants. In this regard, the need for exogenous auxins is low. As can be seen from Table 2 , the presence of auxins in the nutrient medium accelerated root formation by 5--7 days in comparison with the hormone-free medium and contributed to formation of a larger number of roots, but the root growth was relatively weak. And, on the contrary, rapid root growth and a small number of formed roots were observed in the non-hormonal medium. The percentage of rooting was lower, but the situation leveled out with an increase in the rooting period. Without the use of hormones, an increase in the duration of the contact of plants with the medium did not have negative effects; the developing roots had normal structures. At the same time, a longer contact of the roots with auxin caused degeneration of their structure due to an increase in the callus mass in the root zone. There were no differences in the rooting rate of micro-rosettes depending on the concentration of the mineral base of the nutrient medium which speaks for the fact that ½ of the salt concentration is sufficient for rhizogenesis of strawberry plants.
Although the intensity of root growth and their total length differed quite significantly in different variants, this was crucial for the process of adaptation to non-sterile conditions during mass planting for the successful survival of microplants. According to our observations, general physiological parameters of micro-plants, i.e. specific sizes of plants and phases of their development are important.
Since clonal microproduction of strawberries is usually carried out during the calendar year, the final stage of adaptation of microplants can be carried out in various lighttemperature conditions. Shelving sheds, phytotrons, greenhouses can be used [13--14] . Fig. 1 ).
Conclusion
As practice has shown, not always, already known experience turns out to be useful, especially for large-scale. There are problems requiring situational solutions. Development of the most efficient technology is extremely important for synchronization of adapting strawberry microplants to hydroponics can be used for other herbs with a similar stem structure (e.g., pineapple and banana).
